LLNL’s robust catalysts and surface area enhancements e 7 N
dramatically speed solvent capture systems SN

Roger D. Aines, Joshuah K. Stolaroff, Sarah Baker, Eric B. Duoss, Edmond Y. Lau, Felice Lightstone, Christopher M. Spadaccini, Joseph H. Satcher, Carlos Valdez, Sergio E.Wong (LLNL);
Jennifer A.Lewis, John Vericella, Elizabeth Glogowski (University of Illinois)

Introduction Catalyst Design Synthesis
* Current carbon-capture technology: high-pH solvents convert CO; * Method: Plane-Wave Density Functional Theory (DFT)  Computational search and characterization greatly reduce
to bicarbonate for separation * Approach: choose metal and ligand identity. Iterate over structural the number of compounds to be synthesized
— Problem: high energetic cost variables (distance, angles) with constrained relaxations, creating + Mass spectroscopy and Nuclear Magnetic Resonance
* Natural analogue: enzyme carbonic anhydrase (CA) captures CO; a Potential Energy Surface (PES) map (below left) (NMR) used to verify structures of molecules synthesized
at Zn?* site at low pH * Individual maps yield stability, electronic structure. + Rates measured using stop-flow spectrometry .
~ Problem:enzyme denatures in industrial applications Map comparisons yield trends in energetics with structures. Encapsulation
« Solution: Design improved catalysts that reproduce CA activity + “Click chemistry”: Search across design space using database T T * Microfabrication technology allows encapsulation
i i i i i atalys 0S IS, s .
but remain robust in industrial applications of standard chemical fragments, trying all combinations. (below right) y of a solvent in a thin polymer shell (below)
* These catalysts can provide fast kinetics even with solvents of Energetics {Zn(ll)-OH) 3d Zn Populations pH 7.5 540 900 » Target: 100-uym-diameter capsules with 5-um wall thickness.
w wer bindi igu w), loweri | . : : : : . '
lower pH and lower binding energy (see figure below), lowerin ) | pH9.0 2,500 2,260 Encapsulation creates large surface area
overall system energy requirements. n 3 el Design screen: catalyst >0°C 11,500
o e = library is built from Surface area in bed of randomly-packed spherical beads is
- Lower energy . 7o 0 . R S ___smaller fragments Hy A roughly 40-100x that in an amine tower (void space, € = 0.38)
20520y e vy "% 101550, o P oy , N H | H Zn(Cl10,), * 5H,0 H H o « Increased surface area
] 0 HHN NN > ~N@N< § roughly compensates
6 6 redefine [Q_D Q e \j [ EtOH Lf N N\l £ for shell resistance at
i imi > o —N N N ~¢ NN 60 °C —>RT H— £ 30,000 permeability of ~100
Approximate Mass Transfer Limit / e \\ | H H™| | H 3h Cyclen-zn % t0 400 barrer
Optimal Target Ll 2.5 MJ/kg GO 7y sareen e T : (4000 to 40,000 on
' 4 coc Piperazine P PES map 4 Chiractirize > Largj—slgale ’4 > E:}E)t.. VAR Bluildlfull | " H _g 40-100 X previous slide)
r - argets modeling synthesis . molecule an ~o” Q
o e MIEA Datah ‘ oy~ - t;ﬁaetnrggve{r;ggﬁnﬁgttgy score Hhm,H Zn(ClO,), - 5H,0 / ; ks 20,000 | Pimum et
o ) S€arc requirements H- =H =
g LLNL CaW DEA & _ | redeﬁrf’,,/ q t [ EtOH v:._f:lﬂ c shell permeability is
T @0 & T ] N N 60 °C —»RT I\ o 100 barrer
S = 1.9 MJ/kg CO>, & H” “H 1 H Q
a 3§ 2 .. c,e& I\) 3h Cyclam-Zn ] 10,858
© 5 34 small mimetics b"fd& Pol t S I T ton 5
g :|>:‘ éoé‘ﬂ I o Ca e es I g g ' «—— Typical amine tower packing: 250 m2/m3
o Carbonate e@\“ . . . . . . ::3 | | | |
— ) o * Our industrial partner, Babcock & Wilcox, will test promising catalysts System Design % T00 200 300 400 500
in their pilot-scale testing facility e e ™
0.4 MJ/kg CO : . . . . : : :
952 + Their experience will provide feedback about real-world process Catalysts may require customized design for the overal N -
Wat oy o Lo . e cabtuure brocess e T :
S R R S S T B W R conditions and assist in system design CEREProceSs
5 6 7 8 9 10 11 12 13 14 15 P » Faster kinetics from catalysts may allow for solvents of lower
PH _ =, binding energy, lower-T regeneration, novel process
Absorber ~~- 0 . configuratons — NeessdespesnnnllY TR L N
Carbonic T T " Collection tube Injection tube *
»~ J
Anhydrase A.S.Utada, et al., Science 308,537 (2005)
Direct -~ Regenerator Vv
contact
cooler Tethers
_ Reboiler
- Catalysts are only needed near
— the gas-liquid interface
Zn?*/His triad o g. 3 , |
Jctive site olution: design catalyst tc? stay
near the surface by attaching a
CA Structure and Function: —~ long molecular chain with a

hydrophobic group, shown here mmp>
* |nitial calculations indicate that

addition of long chain does not
interfere with catalytic activity

i
|

His triad, axial ~OH, coordinate Zn2* center, hydrophobic pocket collects CO7
Mimics: optimize metal and ligand identity to improve kinetics;
later, try to include hydrophobicity to attract CO;
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Summary

This project uses an integrated, multi-disciplinary design process to tap the potential of biomimetic catalysts.
These catalysts can enable a new class of energy-efficient and less-capital-intensive carbon-capture systems.
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